POLYAMINES IN CYSTIC FIBROSIS 72 1 gainscores (before or after treatment), however, there was a significantly higher variance in the pyritinol group in four parameters. The latter findings suggest medication effects for a not as yet specifiable subpopulation. The problem of how to.define objective indications for a psychoactive drug was therefore considered to be the most difficult task for such a study.
Polyamines in Cystic Fibrosis
Cystic fibrosis saliva duodenal fluids spermidine exocrine glands spermine polyamines sweat Analyses were made by a fluorometric method, in which the amines were reacted with dansyl chloride and separated by thin layer chromatography on Kieselguhr. There was no significant difference between the polyamine concentrations of blood samples from CF patients and control subjects. Also, the spermidine-spermine ratio was similar in both groups. Polyamines were also analyzed in exocrine fluids, and although none could be detected in either CF or control sweat or saliva, significant amounts of spermine and spermidine were present in all samples of bile and duodenal fluids. It thus seems likely that the biliary route is a significant pathway in the human for excretion of polyamines.
Speculation
The observation that polyamines are excreted in considerable concentrations via the bile in children may be of interest in view of the reports of elevated urinary polyamine concentrations in neoplastic states. Since measurable amounts of spermine and spermidine were detected in all six bile preparations available for this study, paired samples, i.e.. a sample of C F blood was analyzed together analysis of these substances in bile may be of benefit in particular with a control sample matched as closely as possible in terms of cases.
age and sex. Standards were drawn through the whole purification procedure in each experiment. In agreement with other workers,
The polyamines are widely distributed in living tissues (20) and are thought to be of importance in a number of cellular functions, including protein synthesis of the ribosome level and membrane stability (3, l I, 16, 19) . The metabolism of these compounds is of interest in the study of the genetic disease, since elevated blood spermidine levels have recently been reported in C F patlents and also in C F heterozygotes (1, 15). In this study polyamine concentrations have been measured in blood samples from a series of C F patients and control subjects. In view of the fact that the pathology of C F is concerned mainly with the exocrine glands, it was of interest to test for the presence of polyamines in sweat, saliva, and duodenal fluids.
MATERIALS AND METHODS
Analysis of the polyamines was made by a fluorometric method, in which the amines were reacted with dansyl chloride and separated by thin layer chromatography. The paper clectrophoretic method of Raina (14) and the ninhydrin method of Hammond and Herbst (9) were both found to be unsatisfactory for measurement of spermine and spermidine in blood, possibly because of the low concentrations of polyamines in this material.
Tissues were extracted with 10% trichloroacetic acid, and the polyamines were isolated by the alkaline-butanol extraction procedure of Raina (14) . Polyamine preparations were dansylated (2) and the dansyl derivatives were extracted into benzene, dried in an there were some inevitable losses in the n-butanol extration procedure (7, 9) and the overall recovery was between 50% and 70% in different experiments. This variation in recovery did not affect the accuracy of the tissue estimations, since in all experiments C F and control tissues were paired and there was considerably less variation within batches than that between batches. The coefficient of variation was less than 5% for standards and less than 10% for tissue samples. N o significant improvement in recovery was obtained by further extraction of the tissues with trichloroacetic acid. In all cases the recovery of spermine paralleled that of spermidine.
Blood samples, containing I0 m M citrate as anticoagulant, were extracted within I hr of obtaining the specimens from the patients. Gall bladder contents were obtained at autopsy and stored at -20' before extraction. None of the CF patients were seriously ill at the time of obtaining samples, and there was no significant correlation between their blood pdyamine concentrations and their clinical scores. Control subjects were matched as closely as possible in terms of age and sex with the C F patients. Duodenal fluid specimens were pancreozymin-secretin-stimulated samples obtained during diagnostic incubation studies.
The Kieselguhr chromatographic system used gave a complete separation of Dansyl spermine and spermidine from other fluorescent substances (Fig. 1) . The Dansyl derivatives of putrescine, cadaverine, and ammonia had greater R, values than spermidine in this system, and did not interfere with the estimation of t v a p o m~x (21), and separated by thin layer chromatography on spermine and spermidine. Kieselguhr G (22) , using cyclohexane-ethyl acetate 3:l v/v, as RESULTS solvent. Dansyl amines were quantitated by elution with methanol containing 5 % ammonia, followed by fluorometry (18) . All
As shown in Table I there was no significant difference between experiments were run in duplicate. Experiments were done on the blood polyamine concentrations of blood samples from C F Spermidine Spermine 1 2 3 Fig. 1 . Thin layer chromatography of dans~lated polyamines on Kieselguhr. Samples of whole blood (I), standard spermine and spermidine (2) and a reagent blank ( 3 ) were extracted with 10% trichloroacetic acid +heated with alkaline butanol, and reacted with dansyl chloride as described under Methods. The developing solvent was cyclohexane ethyl acetate, 3: 1 v/v. Table 2 . Polyamine concentrations in exocrine fluids1
C o n t e n t s patients and control subjects. Also, the spermidine-spermine ratio was similar in both groups. These data must almost entirely reflect the erythrocyte polyamine concentrations, since analysis of different blood cell fractions separated by a ficoll gradient procedure (10) showed that 95% of the blood polyamine was associated with erythrocytes. Blood plasma contained negligible amounts of polyamines, as reported previously ( 13) .
The polyamine concentrations in other human fluids are summarized in Table 2 . The gall bladder contents were obtained from four patients at autopsy. Sweat samples were obtained by pilocarpine-induced iontophoresis (a), and mixed saliva was obtained by citric acid stimulation (5) . Polyamines were found in all samples of bile and duodenal flu~d, but none could be detected in CF or control sweat or saliva. The concentration of polyamines is raised in the two CF gallbladder specimens. It is not clear whether this is related to the concentrated nature of C F fluids (6, 12) , or whether it is due to a specific metabolic effect.
Polyamine concentrations were also increased in CF duodenal samples in comparison with controls. This, however, is almost certainly a reflection of diminished pancreatic fluid output in CF.
which is characteristic of the disease (12) .
D I S C U S S I O N
Elevated polyamines concentrations have been reported in C F using an automated ion exchange technique for analysis (1, 15). In this study, using a thin layer chromatographic technique, no significant difference could be observed between control and C F blood polyamine concentrations. In view of the considerable difference between the two methods of analysis, the possibility exists that the difference between this present data and that of Rennert and associates ( I , 15) i s a methodologic one.
These data suggest that the polyamines are not a general constituent of exocrine fluids. The concentrations of polyamines found in the duodenal fluid are consistent with their being of biliary origin. Although excretion of spermine and spermidine via the gall bladder has not previously been characterized, it is not unexpected since there does not appear to be a pathway of catabolism of these amines in the human (20) . If the concentrations of polyamines in the bile of the controls investigated in this study are proven to be the normal mean value, then about 1.5 mg of each of the polyamines would be excreted per day via the biliary route based on a mean bile volume of 100 ml (4) which compares with a mean daily excretion of 2.5-3 mg/24 hr in the urine (17) . It thus seems likely that the biliary route is a significant pathway in the human for excretion of polyamines. In this study we have measured only free polyamines. It is possible that there is a further pool of acetylated polyamines in bile. The possibility of the gall bladder polyamines having been of bacterial origin is most unlikely since the duodenal and gall bladder specimens were all essentially sterile by routine bacteriologic examination (23).
The recent demonstration that excretion of polyamines is increased in cancer patients (17) suggests that measurement of urinary polyamines may be of importance in cancer diagnosis. Since, in this study, measurable amounts of spermine and spermidine were found in all the six bile preparations available, measurement of biliary excretion of these substances may also be of use in particular cases.
S U M M A R Y
Polyamines were analyzed in whole blood samples from cystic fibrosis patients and matched control subjects. Spermine and spermidine concentrations were similar in both groups. Exocrine fluids were tested for the presence of polyamines, and significant concentrations were found in bile and duodenal fluid, but not in sweat or saliva.
